Now-a-days processed and canned food products are consumed in increasing quantity in all developing and developed countries following changes in human lifestyle. However, customers are often fooled by products they buy and such frauds frequently go unreported since species identification requires technical inputs and considerable time and efforts. We bought two canned meat packets labelled as 'classic delicious deer meat' from Shanghai Pudong International Airport, Shanghai (People's Republic of China) to understand its origin as deer meat is legally prohibited in many parts of the world. In this study, we screened these samples with DNA barcoding approach using conserved mitochondrial genes. Homology search on NCBI and phylogenetic analysis identified these samples to have originated from a domestic pig of China. We propose that the methodology used is appropriate for identifying the processed and canned food products and further suggest to check the labelling regulations to guarantee the protection of consumers' rights.
DELIBERATE falsification of food content on the product label is a common practice, particularly with high valueadded products commanding a premium price since customers often go for brands and never feel the necessity to check the originality of food commodities. Barely, there is a check on the integrity and novelty of food products sold in shopping malls, grocery shops and duty-free stores in airport premises. It is consumer's right to set the exact information on the products they buy. Manufacturers must honestly describe the constituents used/packed in processed and canned food items, as the information is liable to influence consumers' decision whether to buy or not to buy the product considering his/her lifestyle or religious belief (e.g. vegans prefer organic products, many Hindus, Muslims and Jews do not prefer to eat pork) or even health issues (e.g. people often avoid certain type of meat that can induce particular allergies). Therefore, description and labelling of food must be truthful and accurate, particularly for processed and canned food items where no morphological identity is provided leading to the identification of meat. Further, adding flavours in such canned foods change the essence of meat to make it difficult to assign them to a specific meat type. Consuming certain type of meat or meat products is considered a taboo in some parts of the world while there are numerous instances where food substitution and adulteration have been reported. A recent study reported mislabelling of food products and documented about 20-70% substitution rate in the marketed meat products 1 . Selling certain type of meat and meat products is governed by various laws depending on the countries' faunal resources and status enacted by laws prevailing in such countries. Sometimes meat of a threatened species is also sold in the name of other species that is permissible by law thereby committing a serious wildlife crime by disguise, which becomes unsustainable when traded on a commercial scale. Despite the existing national and international food law regulations, it is impossible to control large scale malpractices from harming the consumers 2 . To prove fraud requires detection and identification of food constituents, which is often challenging and needs technical inputs from experts 3, 4 . Mislabelling food products has been reported by different chemical and biochemical techniques. In recent years, DNA analysis has taken a central role in identifying frauds mislabelling [5] [6] [7] [8] [9] [10] [11] . Certain meat types are rich in protein content and are thought to be used as a remedy to cure malnutrition or other diseases. However, their specific uses are not well documented. Therefore, consumers all over the world often get attracted to buy such mislabelled or substituted products for medicinal values and get cheated. Sometimes they also suffer from various ailments since they unknowingly eat undesirable meat. Based on a general market survey, it can be interpreted that consumers are aware of food safety, but incomplete knowledge of safe food and recognition of mislabelled food, drive them to purchase what is not preferred. In the present scenario, where food crimes are rampant, it is necessary that consumer's rights are protected and modern techniques like DNA barcoding used as a handy tool to protect consumer rights and related laws.
While travelling within the People's Republic of China (PRC), one of the authors bought two packets of canned meat product from a duty-free shop at Shanghai Pudong International Airport, Shanghai. These packets were printed with deer photos and labelled as 'classic delicious deer meat' (Figure 1 ). The printed photos on food packets resembled Sika deer (Cervus nippon) at first glance. In China, three subspecies of Sika deer inhabit (C. n. hortulorum, C. n. sichuanicus and C. n. kopschi). Sika deer was listed 'endangered' in 1996 and 2003 by IUCN, and listed 'endangered' in the China Red Data Book of Endangered Animals 12 . Its present conservation status under IUCN laws is of least concern which shows a recent expansion of Sika deer in numbers and distribution range 13 , while it is still listed as a National Class I Protected Wild Animal Species of China. The purchased packets were not intended for consumption, but to verify the authenticity of actual species of origin of the canned meat products being sold in airport premises. Therefore, to satisfy our curiosity, we undertook this study to determine species of origin from these processed meat samples using DNA barcoding with conserved mitochondrial genes.
Both the canned meat packets were photographed and opened under controlled conditions. These samples were fully processed and seasoned with spices, herbs and condiments as they emitted a nice fragrance during handling and processing in the laboratory. We rinsed these samples thrice in 1 PBS (kept for at least 20 min on a shaking platform during each wash) and extracted genomic DNA using DNeasy Blood & Tissue Kit (Qiagen, Germany) following the manufacturer's instructions. We amplified partial fragments of three mitochondrial genes -cytochrome b (Cyt b), 16S rRNA and 12S rRNA with universal primers [14] [15] [16] . We carried out independent PCRs for amplification of these three mitochondrial genes on an Applied Biosystems thermal cycler (ABI, 2720). Each reaction of 10 l reaction contained 1 PCR buffer (50 mM KCl, 10 mM tris-HCl), 2.5 mM of MgCl 2 , 200 M of each d-NTP (deoxy-nucleotide triphosphate), 1.25 g BSA (Bovine serum albumin), 4 pM of each primer (forward and reverse) and 0.5U of Taq DNA polymerase (MBI, Fermentas) and approximately 15-20 ng of genomic DNA. The cycling conditions were set up as: initial denaturation at 94C for 2 min, 35 cycles (94C for 1 min, 55C for 1 min, 72C for 1.5 min) with a final extension at 72C for 10 min. On completion of PCRs, we electrophorized PCR products on 2% agarose gel and observed over transilluminator to detect the amplification.
The PCR products were cleaned using Exo-SAP treatment, the residual oligonucleotides removed and the d-NTPs freed before DNA sequencing. We set up cycle sequencing PCR independently with forward and reverse primers of all three genes using the big dye terminator cycle sequencing kit® v 3.1 (Applied Biosystems, Foster City, USA). Any unbound dd-NTPs were removed using alcoholic precipitation method and sequencing performed on ABI 3130 Genetic Analyzer (Applied Biosystems, Foster City, USA). Both samples yielded reasonable quality of genomic DNA and high quality DNA sequences for all the three genes. The sequences generated from the questioned meat samples (Q-01 and Q-02) were submitted as independent entries in BLAST search for retrieving the most similar sequences using the default mega blast algorithm parameters. We compared these sequences against those species that were likely to be hunted/in wildlife trade or consumed locally (Table 1) . We trimmed sequences to bring them to a similar length for use in further analysis (Cyt b-342 bp, 16S rRNA-527 bp and 12S rRNA-393 bp). We recorded 100% homology in BLAST analysis between the sequences under question with domestic pig sequences for all three genes. Surprisingly, there was no homology of the suspected meat samples with deer sequences in Figure 1 . Processed meat products purchased from the Pudong Shanghai Airport, China. BLAST analysis indicating that these samples might have originated from a domestic pig of China. BLAST is an approximation to identify species to find regions of local similarity between sequences. This method is similar to FINS (forensically informative nucleotide sequencing) technology, since it performs analysis based on DNA sequences and a database [19] [20] [21] [22] . Further, the results were validated by phylogenetic analysis which grouped species with statistical bootstrap support. The assignments generated by the proposed BLAST were compared with results obtained by phylogenetic tree analysis. The NJ trees for all three genes also provided similar findings to that of BLAST and produced 100% bootstrap value that grouped questioned meat samples with Chinese domestic pig (Figures 2-4) . The calculated bootstrap values higher or equal to 70% usually correspond to probabilities higher or equal to 95% which means that the topology is close to real 23 , giving a quantitative measurement of certainty of the assignment of a sample to a particular species. The phylogenetic trees constructed using sequences of three mitochondrial genes of varying length (342 bp-Cyt b, 527 bp-16S rRNA and 393 bp-12S rRNA) showed that both the investigated meat samples belonged to individuals of the same species which was not different from a domestic pig of China. All clusters were strongly supported, with bootstrap values of 100.
We have described here the utility of DNA barcoding using conserved mitochondrial genes in identifying species even from fully processed meat samples which might have undergone many processing and packaging steps before they were analysed. The study showed the importance of genetic analysis in wildlife forensics to curb frauds which often falsify or mislabel information on food products. Our investigation on canned meat samples which were labelled as deer meat actually turned out to be domestic pig meat. This study will help to have a legal check on the processed and canned food products being sold in shopping malls, grocery shops and in duty-free stores at airports premises at national and international levels. An important point to understand from the case study is that if consumer's confidence on food products is undermined, it gradually results in loss of faith on questioned products over a period of time. Consumers' rights protection laws should be strictly implemented and random scrutiny is inevitable from time to time to keep a check on such food frauds and mislabelling of food items.
